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1S. KEY WONOS (Conmnud)
z. AISTMACT (COnlimed) Cr XVII lines are tentatively identified. Lines from higher ionization states of Cr are at shorter wavelengths and are hard to detect because of strong Fe emission. The Cr ang a spectra are similar to those of isoelectronic species of Fe. -The Cr XV 2p s o -L 2t3d lP (18.497 A) line is sufficiently strong that it can be used for analysis of both flaring and nonflaring plaImas Calculations of the collision strength from the ground state to the 2p 3d LP 1 level and of the Cr ionization equilibrium are needed for optimum use of this line. Theoretical data for the Ca XVI 2p 2 -3d iD3/ line are available, but the line is too weak to be useful for ana ysis of nonilaring plaIfas. -urthermore, the line is density-sensitive for electron density he > 10 cm but is not a good density diagnostic because no non-density-sensitivl Somparison lne from ga XVI is detictable. The Ca XV line flux ratio, F(2p P 2 -2p3d D 3 )/ (2p 0 3 P -2p3d Dl) is used to estimate flare electron densities at -4 x 10 K. The derived densities age in rough agreement with those derived from 0 VII line ratios at -2 x 10 K. The coronal abundances of Cr and Ca with respect to 0 are estimated; we find A(Cr)/A(O) -0.0036 + 0.0018 and A(Ca)/A(O) -0.015 ± 0.005. We discuss the determination of these and other abundances by the analysis of X-ray spectra. Tmax is the temperature of maximum emissivity and AT is the full width at half-maximum (FWHH) of the emissivity function. This subjects the derivation of differential emission measure, the necessary first step in analyzing the coronal plasma, to large uncertainties (Craig and Brown 1976) and accounts for much of the difficulty in deriving the O/Fe abundance ratio from X-ray observations. This paper treats the coronal X-ray spectrum at wavelengths longer than 15 A. At shorter wavelengths the spectrum is dominated by
Fe and is very dense with lines during flares (McKenzie et al.
1980b).
The long wavelength spectrum (> 15 A) includes relatively weak lines from N, Ca, and Cr, in addition to the strong lines of 0 VII, 0 VIII, Fe XVII, and Fe XVIII. The line spectra will permit us to estimate the coronal abundances of Cr and Ca. The NIO abundance ratio was treated in an earlier paper (McKenzie. et al. 1978) . Lines from Cr XV, Cr XVI, and Ca XVI should be useful solar flare temperature diagnostics in the range 2-5 x 10 6 K and may also be useful for analysis of strongly emitting nonflaring active regions.
II. SPECTRA a) Method
The spectra were obtained by the SOLEX B Bragg crystal spectrometer aboard the USAF P78-I satellite. The spectrometer used an RAP (rubidium acid phthalate; 2d -26.12 A) crystal scanning in Bragg angle at a rate of 0.262* s -I in 30.2" steps. SOLEX B has a 60" x 60"
(FWHM) multigrid collimator and a filtered channel electron multiplier 8 -I....
------------
array (microchannel plate) detector.
The SOLEX B spectrometer is described in detail by Landecker, McKenzie, and Rugge (1979) and McKenzie et al. (1980b) , and the detector and its calibration by Eng and Landecker (1981) .
The weaker X-ray lines to be discussed below were initially found in solar flare spectra.
Counts from a number of successive spectral scans were summed for improved statistics. March-July were used in the analysis. These latter spectra revealed the low-temperature behavior. of the lines, thereby aiding in identification, and provided the data used for the Cr abundance determination. In all cases, the wavelengths were assigned through the use of a scale based on a prelaunch calibration which was adjusted for each flare with benchmark wavelengths from three lines: (Feldman et al. 1973 ) and is thus swamped by the strong line at 17.626 A. Table I also includes the Cr XVI 2p 5 2 P 3 / 2 -2p 4 ( 3 P)3s 4P3/2 line (19.714 A).
The corresponding Fe XVIII line, at 16.003 A, is blended with a strong 0 VIII line.
In addition to lines from Cr XV and XVI, Table 1 contains a blend attributed to Cr XVIII. The Cr XVII spectrum was discussed previous-
ly.
The radiation from more highly stripped Cr species is at wave- S -2; 3d P 1 (18.491 A), Fe XVII 2p io5 p3dP (15 .013 A), and Ca XVI 2p P 1 / 2 -3d D 3 / 2 (21.444 A). Each curve is normalized so that the maximum emissivity is unity.
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The Cr abundance determinations were made by using spectra from nonflaring active regions. Data were summed over -10 consecutive wavelength scans (-1700 s) for improved statistics. Nonflare spectra were used because they constitute a reasonably large data base for which accurate line fluxes were easier to derive than in flare spectra.
Fourteen summed spectra were available for the O/Cr abundance determination.
The accuracy of this determination should be limited primarily by the approximations used in deriving the atomic physics data for Cr. The 0 VIII and Cr XV lines used are close in wavelength so that instrumental uncertainties are small. Furthermore the 0 VIII emissivity curve is similar to that of Cr XV except at high temperatures for which e(T) is expected to be small in the nonflaring.
corona. Thus the flux ratio should depend weakly on the form of e(T).
This was indeed the case as we found, typically, b --I. 
1980b).
The Ca XVI line is discussed in detail below, where we use it to determine the Ca/O abundance ratio.
ii) Density-Sensitive Ca XV Line Ratio
The Ca XV lines are of particular interest because the flux ratio Mason et al. 1979 ).
Since the 3P 2 level population is low e xcept at high densities, the 2p 2 3 P2 -2p3d 3 D 3 line iE weak. The 3P 2 level population increases with density until it becomes nearly constant.
As a result the above flux ratio increases with density and may exceed unity in the high-density limit. The 2p 2 3 P 2 -2p3d 3 D 3 line is the strongest of a number of such density-sensitive lines in the carbonlike ions (Mason et al. 1979) . Figure 4 . The former is a densitysensitive line that is weaker than the 3P2 -3 D 3 line, and the latter should be present at a constant ratio to the 3P 0 -3 D 1 line, regardless of density. These lines are not in Table I because their detection is marginal. Mason et al. (1979) have calculated the line strengths for Fe XXI (isoelectronic to Ca XV) as a function of density, and Mason (1975) has calculated the relative populations of the 2p 2 3 P levels in Ca XV.
With these calculations we can use the Ca XV fluxes to estimate
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OaXV 2;2 2p3d This is probably the result of uncertainties in the spectrometer response at long wavelengths and not a real density determination. We have made a search for possible blended lines from species other than Ca XV in all spectral orders up to the fourth and have found no plausible candidates. Thus we believe that the observed line radiation arises exclusively from Ca XV.
iii) The Coronal Abundance of Calcium
The O/Ca abundance ratio is calculated by using the Ca XVI Some care must be taken in using the Ca XVI line because it is density-sensitive. The Ca XVI ground term is split with 2P3/2 above 2 pl/ 2 . At high densities the 2P3/2 level is populated at the 2 2 expense of P1/2, and this changes the excitation of the 2 D 3 /2 level.
With the calculations of Mason and Storey (1980) for Fe XXII as a guide, we predict that at high densities the Ca XVI line will be weakened.
In Fe XXII this effect is about 10% at n e -101 3 cm "3 .
(The more dramatically density-sensitive 2p 2 P 3 / 2 -3d 2 D 5 / 2 line is at 21.610 A in Ca XVI and is unobservable because of the strong 0 VII line.) From the data of Bhatia, Feldman, and Doschek (1980) , we calculate that in Ti XVIII the 2 D 3 / 2 line will be weakened by 1OZ at a density of -5x1011 cm-3; thus density effects can be expected in Ca Consequently we might expect weakening of the Ca XVI emission in the latter flare but not the former.
The 0 VTI line must also be treated with care. Acton (1978) predicted that the 0 VII line would be depleted by resonant scattering under certain conditions. In a study in progress we have verified this prediction. The ratio, lF(1s
where F is flux, is a measure of the effects of resonant scattering.
When resonant scattering is absent, G(1.9xl0 6 K)--1.0 (Pradhan and Shull 1981) , provided that the plasma is in ionization equilibrium.
If G > 1.0, a correction for resonant scattering should be made. For the two flares under consideration here, G 1 1.0 so no correction was made.
The O/Ca abundance ratio was calculated by the same procedure as was used for the O/Cr ratio. The Ca line is too weak in nonflare spectra, so the two flare spectra were used. Uncertainties in the emission measure are more severe and more important in this case.
They are more severe because b > 0 and more important because the line emissivities as a function of temperature differ substantially (see .
for the first time.
The strongest lines of Cr XV-XVI and Ca XV-XVIII are included in Table 1 . The Cr and Ca spectra were found to be similar to the spectra of isoelectronic species of Fe. The newly catalogued lines will be useful in future emission measure analysis of solar coronal plasmas, especially for the range T < 5x1O 6 K.
To make eptimum use of spectral lines for plasma diagnostics it is necessary to know the coronal element abundances.
No single element provides lines for the entire temperature range (-2-30xlo6 K)
found in coronal flare plasmas. X-ray spectrometry is a useful technique for abundance determination because the emitting structures are almost always optically thin and equation (1) is frequently applicable. Further, a worldwide effort in calculating the atomic physics parameters has been spurred by interest in fusion as an energy source. 
If the emission was suppressed by density effects then Acton (1978) suggests that this value should be multiplied by 0.65. The spectra include density-sensitive Ca XV and Ca XVI lines.
The latter will probably not be useful because no non-densitysensitive Ca XVI line is observable for comparison. The Ca XV lines are weak in our data and will usually only be useful if a number of SOLEX flare spectra are summed. This degrades the time resolution.
Future spectrometers might easily achieve an order of magnitude higher sensitivity at -22.7 A by replacing the SOLEX channel electron multiplier array (post filter quantum efficiency < 10%) with a gas-flow proportional counter having a window similar to the SOLEX filters.
Then individual flare spectra could be analyzed using the Ca XV Aerophysics Laboratory: Launch vehicle and reentry aerodynamics and heat transfer, propulsion chemistry and fluid mechanics, structural mechanics, flight dynamics; high-temperature thermomechanics, gas kinetics and radiation; research in environmental chemistry and contamination; cw and pulsed chemical laser development including chemical kinetics, spectroscopy, optical resonators and beam pointing, atmospheric propagation, laser effects and countermeasures.
Chemistry and Physics Laboratory:
Atmospheric chemical reactions, atmospheric optics, light scattering, state-specific chemical reactions and radiation transport in rocket plumes, applied laser spectroscopy, laser chemistry, battery electrochemistry, space vacuum and radiation effects on materials, lubrication and surface phenomena, thermlonic emission photosensitive materials and detectors, atomic frequency standards, and bioenvironmental research and monitoring.
Electronics Research Laboratory:
Microelectronics, GaAs low-noise and power devices, semiconductor lasers, electromagnetic and optical propagation phenomena, quantum electronlcs, laser communications, lidar, and electro-optics; communication sciences, applied electronics, semiconductor crystal and device physics, radiometric imaging; millimeter-wave and microwave technology.
Information Sciences Research Office: Program verification, program translation, performance-sensitive system design, distributed architectures for spaceborne computers, fault-tolerant computer systems, artificial intelligence, and microelectronics applications.
Materials Sciences Laboratory:
Development of new materials: metal matrix composites, polymers, and new forms of carbon; component failure analysis and reliability; fracture mechanics and stress corrosion; evaluation of materials in space environment; materials performance in space transportation systems; analysis of systems vulnerability and survivability in enemy-induced environments.
Space Sciences Laboratory:
Atmospheric and ionospheric physics, radiation from the atmosphere, density and composition of the upper atmosphere, aurorae and airglow; magnetospheric physics, cosmic rays, generation and propagation of plasma waves in the magnetosphere; solar physics, infrared astronomy; the effects of nuclear explosions, magnetic storms, and solar activity on the earth's atmosphere, ionosphere, and magnetosphere; the effects of optical, electromagnetic, and partifulate radiations in space on space systems.
